Seasonal variation in disease has attracted the interest and speculation of writers since the days of Hippocrates (Greenwood, 1921) . More recently Farr, in the course of his wide-ranging researches on 19th century vital statistics, published several studies relating to medical meteorology and drew attention to the excessive mortality that often occurred during periods of very low temperature (Farr, 1885) . During the 20th century other workers have demonstrated the close nature of this association between temperature and mortality, and the London fog disaster of 1952 (Logan, 1953) focused attention on the effects of air pollution and the role it may play in any general relationship between climate and mortality.
The present studies were planned to make some further investigation of associations in time between mortality, particularly respiratory mortality, and different indices of meteorological conditions and atmospheric pollution. They were based on data relating to both a metropolitan environment, London Administrative County, and a rural environment in East Anglia. The East Anglia data covered all rural districts of Norfolk, Suffolk, Cam- bridge, and the Isle of Ely, and were included to provide a control study in which possible effects of gross urban pollution would be eliminated from associations between meteorological conditions and mortality. In both areas, the various associations were measured by a series of time correlations relating weekly mortality to temperature, absolute humidity, and visibility, while for the metropolitan area it was also possible to examine correlations between mortality and both sulphur dioxide and smoke pollution. Relevant data (Appendix) were supplied from official sources: The choice of a time unit for the study, one week, was governed by this being the shortest period for which data on deaths were readily available. Thus weekly deaths, by cause and age, provided indices of mortality, and basic data on each of the other variables were grouped to form parallel series of weekly indices.
The indices derived from the London data were as follows:
(1) Mortality.-Weekly deaths from (a) bronchitis and pneumonia and (b) heart disease.
(2) Temperature.-Weekly average of mean daily minimum temperature ('F.) derived The method adopted, i.e. averaging correlations rather than indices over the seven winters, also seemed to make more allowance for possible changes in mortality patterns over the period, and for any factors which might have an effect in the interplay between variables in some winters but not in others. As will be noted later, the investigation itself provided some evidence of such a factor, namely influenza, which when prevalent appeared to distort some of the associations under study.
Throughout the main part of the analysis, weekly deaths were correlated with indices representing climatic and pollution factors in the same week and also with similar indices of conditions in each of the six preceding weeks.
RESULTS

PRIMARY CORRELATIONS LONDON ADMINISTRATIVE COUNTY
Temperature.-Respiratory mortality appeared to be most closely associated with temperature conditions of the 2 weeks immediately preceding death (Table I) . When weekly deaths from bronchitis and pneumonia, at 45 years and over, were correlated with temperature, a correlation around -0-5 was obtained with temperature index of the same week perature of the preceding week. This level was maintained using temperature 2 weeks before death and was followed by a consistent decline when deaths were related to temperature of successively earlier weeks. While consistent the decline was a gradual one and the correlation coefficient between mortality and temperature conditions 6 weeks before remained considerable. An exactly similar pattern emerged from the analysis relating to deaths at 65 years and over. At the other end of the age scale (under one year) association between deaths and temperature was less marked, the highest coefficient being under-0 5. Although correlation levels were lower in this youngest age group, the same general pattern remained evident and the highest coefficient were again attained with temperature of Weeks -l and -2.
When correlations for individual winters were examined separately (Table II, opposite) , some divergences from the general trend became apparent. Alternate winters (1947-48, 1949-50, 1951-52, 1953-1954 ) displayed the pattern already described, but trends in the remaining winters (1948-49, 1950-51, 1952-53) did not show the same consistency. A common factor to each of the winters in the first group was their relatively low influenza mortality compared with winters in the second group (Table  III, opposite). These data were used to separate winters according to concurrent influenza mortality and the average temperature correlations for "low" and "high" influenza winters were examined separately (Table IV, opposite).
For low influenza winters the pattern displayed was similar to, but more accentuated than, that In addition to correlation based on deaths from bronchitis and pneumonia, parallel series were calculated correlating temperature with weekly mortality from bronchitis and heart disease respectively (Table V) . For both mortality groupings, the pattern of correlations was essentially similar to that presented by deaths from bronchitis and pneumonia. Their time trend was, however, a little sharper than for the bronchitis and pneumonia correlations averaged over the seven winters. This was more noticeable in the correlations based on cardiac deaths and may have been due to the trends of mortality from heart disease being less affected by the presence or absence of influenza. The separate analysis of heart disease data for high and low influenza winters (Table VI) (Table VIII) . Humidity.-Correlations between weekly mortality and absolute humidity (Table VII) were so closely similar to the temperature associations that it is unnecessary to present any further detailed description of trends displayed. For all practical purposes, both as regards pattern of correlations and levels attained, the humidity correlations mirrored those of temperature. They rose to a peak coefficient of -0 7 with indices relating to conditions of the 2 weeks preceding death, the association was less strong for deaths under one year, and there was little variation between the different mortality groups examined. Separate analysis of winters with high and low influenza mortalities again demonstrated the difference between them and suggested that, as for temperature, the humidity correlation pattern was disturbed during periods when influenza was prevalent. This distorting effect was again more marked on correlations based on respiratory mortality. Thus, while the highest correlation was achieved with indices relating to 4 weeks before death, the peak in time was ill-defined, and this lack of any real time trend among sulphur dioxide correlations contrasted strongly with the regular pattern of the temperature and humidity series. There was no material difference between correlations relating to mortality at 45 years and over and those relating to deaths at older ages, and, while associations with mortality under one year again appeared to be weaker than for the older age groups, this difference was less marked than in the temperature and humidity series. Separate analyses relating sulphur dioxide pollution to bronchitis mortality and mortality from heart disease yielded results differing little from those based on deaths from bronchitis and pneumonia (Table IX) . Correlation with deaths from heart disease was, however, slightly lower than with respiratory mortality. (Table X) . The trends showed considerable variation from year to year and the suggestion in the overall analysis of a minor peak at Week -4 was not consistently present in individual winters. Nor did it appear that influenza exerted any strong effect on the pattern of association, since average correlations for low and high influenza winters (Table  XI) were similar to one another and to those obtained in the overall analysis. Though some of the individual winters showed trends similar to temperature correlations, other winters provided very different results and there was no evidence of a pattern common to all (Table XIII) . Correlations relating to separate winters (Table  XV) were equally inconsistent and through one winter produced individual coefficients as high as +0 4, the data from another showed consistently negative correlations between mortality and visibility. Repetition of the analysis using a second index of visibility, an unweighted instead of a weighted average of number of hours of fog (visibility <440 yards), again failed to demonstrate any general association between mortality and visibility. The results were equally inconsistent and largely followed the pattern, or lack of pattern, described above.
PRIMARY CORRELATIONS-RURAL DISTRICTS OF EAST ANGLIA
Because of the difference in size of the two populations, the numbers of deaths occurring in the rural area were less than in London and several of the mortality groupings used in the London analysis provided very few weekly deaths. It was not therefore possible to use as wide a range of mortality groupings by cause and age and in East Anglia deaths from heart disease formed the main group providing adequate numbers. Deaths classified in this category amounted, on average over the seven winters, to about sixty per week at age 45 years and above, and this group was used as the principal mortality index for correlation studies in the rural area. Correlations with deaths from bronchitis and pneumonia were also calculated, though the numbers available, an average of eleven to twelve per week, were rather small for any adequate demonstration of relevant associations.
Temperature.-The association between temperature and weekly mortality from heart disease presented a not dissimilar pattern to that obtained from the London data and was again closest when mortality was related to the temperature of the immediately preceding weeks (Table XVI) . Visibility.-The negative findings of the metropolitan visibility analysis were repeated in the rural correlations, which again failed to demonstrate any general association between weekly mortality and the fog index employed in the study. Correlations were small, their signs varied, and the same irregular variation was apparent between and within series for separate winters.
Thus, from both metropolitan and rural analysis, it appeared that weekly mortality was most closely associated with temperature and humidity of the immediately preceding weeks. The close agreement between the two analyses suggested that urban pollution, present in London but absent in East Anglia, did not have any marked effect on the general association between temperature or humidity, and mortality.
PARTIAL CORRELATIONS
In order further to assess inter-relationships between the various factors under study, a limited number of partial first order correlations were calculated using the indices most closely associated with mortality in the primary analysis. These indices were those of temperature and humidity relating to the week immediately preceding death, and sulphur dioxide and smoke pollution indices 4 weeks before 1947-48 1948-49 1949-50 1950-51 1951-52 1952-53 1953-54 Same death. The mortality experience incorporated in this analysis was that from respiratory and heart disease at 45 years and over, and, as with the primary correlations, partial correlations were calculated for each winter and then averaged over the seven winters of the study period (Tables XX and XXI) . Temperature and Humidity.-The two indices appeared to be almost completely dependent on one another. This was reflected in the very high correlation between them (+0 953) and the reduction in coefficient when either was correlated with mortality with the other held constant For both respiratory deaths and those from heart disease primary correlations of the order -0 7 (-0-8 in the four low influenza winters) were reduced to -0-2 or less. This was true whether humidity was held constant in the correlation between mortality and temperature or vice versa and, although not shown in the Tables, it was equally evident in partial correlations based on the East Anglia data. Removal of pollution factors, sulphur dioxide or smoke, did not cause any marked fall in either temperature or humidity correlations. For respiratory mortality, primary coefficients were reduced from -0-7 to -0-6, and the reduction in size of coefficient was even less for mortality from heart disease. The effect of separating sulphur dioxide from temperature and humidity correlations was slightly more pronounced than that of removing smoke from these correlations.
Sulphur Dioxide and Smoke.-The interdependence between these two indices, as measured by a correlation coefficient of +0 689, was less marked than between temperature and humidity. The relevant partial correlations suggested that mortality was more closely associated with sulphur dioxide than with smoke pollution indices. Thus, for respiratory mortality, the smoke correlation was reduced to +0.1 when sulphur dioxide was held constant, while the sulphur dioxide correlation when smoke was held constant yielded a coefficient of almost +0 4. The same difference was evident from partial correlations based on deaths from heart disease. For both mortality groupings, the separation of temperature or humidity from smoke correlations reduced the latter to + 0 2 or less. The same reduction was apparent in sulphur dioxide correlations relating to deaths from heart disease, but those between sulphur dioxide and respiratory mortality still remained between +0 3 and +0 4 after removing temperature and humidity from the correlation.
In general, this limited partial correlation analysis confirmed the indices of temperature and humidity as those showing the closest association with mortality from respiratory and heart disease. For both factors, the respective coefficients were little reduced by partialling out either of the pollution indices. On the other hand it was clear that the nearly complete association between temperature and humidity prevented any discrimination as to their relative importance. Of the pollution indices, sulphur dioxide appeared to be the more important, in that the partial correlations with respiratory mortality, though small compared with those of temperature and humidity, remained appreciable.
RELATIONSHIP BETWEEN MORTALITY AND POLLUTION INDICES AT DIFFERENT TEMPERATURE LEVELS
The close association between mortality and temperature was again apparent when average weekly deaths in London were analysed according to temperature of the week preceding death (Table  XXII) . For each of the causes of death examined, mortality increased with decreasing temperature, although there were differences in the relative increase for different causes. The largest occurred amongst deaths from bronchitis which, on average, increased three-fold over the range of temperature used for this analysis. Over the same temperature range deaths from pneumonia were doubled, and those from heart disease rose by about 50 per cent. While deaths in the rural districts were smaller in number, their pattern of variation with temperature was broadly similar to that shown by the London data. The visibility data available for both metropolitan and rural areas allowed an extension of this temperature analysis and an assessment of relative effects of fog in the two areas. In both, weekly mortality within temperature groupings was subdivided according to the number of hours of related fog (visibility < 440 yards). The main feature of this analysis for the East Anglia area (Table XXIII) was the lack of any definite association between visibility and mortality under constant conditions of tem- (Figure, overleaf) and suggested a definite association between fog and mortality when concurrent temperatures were very low (Table XXIV) . When related temperature was below 32°F. the weeks with the highest fog rating showed an average bronchitis mortality three times greater than that for weeks with the lowest fog rating. This relationship between fog and mortality was also present, though in lesser degree, for deaths from pneumonia and heart disease, the former being more than doubled and the latter increased by about one third over the same fog range. In the next temperature grouping (32-35°F.), a mortality gradient remained evident for bronchitis and possibly pneumonia, but with higher temperatures (above 36°F.), the apparent association between fog and mortality from both respiratory and heart disease had disappeared. A corollary of the mortality gradients within the lower temperature groupings was a notable accentuation of the bronchitis mortality gradient with temperature among weeks with the highest fog rating. Under these fog conditions, average weekly deaths from bronchitis increased from fifty with related temperature above 40°F. to over 300 with temperature below 32°F. The parallel smoke analysis (Table XXVI) did not provide any new features. As with sulphur dioxide no close association with mortality from heart disease was apparent and although there was again evidence of an excess respiratory mortality with increasing pollution, this was only present in the smoke data at the lower end of the temperature scale. The close agreement between the general findings of these studies of mortality-temperature relationships did not however extend to their assessments of the degree of association as measured by levels of coefficient attained; e.g. where Young found an average correlation of -0 3 between mortality and the temperature of the preceding week, a corresponding coefficient of almost -0 9 was demonstrated by Wright and Wright. It seems possible that such discrepancies were largely the result of differences in method, particularly in relation to the grouping of data before correlation. Thus the numerically relatively low coefficients obtained by Young may have been partly due to the distorting effect of trends in mortality from bronchitis and pneumonia over the long period studied, while the use of averaged data may have artificially elevated the correlations of Wright and Wright. The method employed in the current investigation, calculation of all correlations separately for individual winters, was adopted in an attempt to minimize such effects and also the possible distortion of association by any seasonal factor, e.g. influenza, prevalent in some winters but not in others.
The limitations inherent in all correlation studies are well recognized, and the hazards of inferring causation from association are perhaps particularly treacherous in a field where all the variables are themselves so closely linked together. Within these limitations, however, the current study has clearly indicated that, among the climatic and pollution indices examined, those relating to temperature and absolute humidity were most closely associated with mortality. Findings with respect to temperature were consistent with those already established but suggested that the association was equally evident for mortality from respiratory and heart disease, and in both rural and metropolitan environments. Highest correlations (up to -0 8) were achieved with indices relating to the 2 weeks immediately preceding death and correlation with conditions of successively earlier weeks declined from this peak. A similar time trend of temperature correlations relating to the weeks before death was noted by Wright and Wright. In the present study this was accentuated and there was also some internal evidence against its being rejected as an unexplained artefact in that the regular pattern of association was blurred or even lost in winters when influenza was prevalent.
In contrast to the many investigations measuring relationships with temperature, associations between seasonal variations in mortality and absolute humidity have been largely neglected. In another context, Waddy (1952) , speculating on the different weather conditions associated with seasonal peaks of respiratory infection in tropical and temperate countries, put forward evidence that the common climatic factor linking these peaks was low absolute humidity. It was suggested that in temperate winters the seasonal low absolute humidity might exert a drying action on the mucosa of the upper respiratory tract and so lower its vitality and resistence to infection. The present results have found weekly mortality to be associated equally closely with absolute humidity and temperature, but the very high correlation between these two variables prevented any discrimination as to their relative importance.
Among the pollution factors examined, sulphur dioxide demonstrated the highest correlations and appeared to be more closely associated with respiratory mortality than with deaths from heart disease. Average correlations between weekly mortality and all pollution factors were, however, invariably lower than those for temperature and humidity and did not display the same regular pattern. Further, the mortality trends in relation to differing degrees of pollution within separate temperature ranges strongly suggested that the more serious effects of metropolitan fog, as measured by excessive increases in mortality, occurred only when fog was accompanied by very low temperatures. This finding is consistent with the conclusions of Russell (1924) and also allows some reconciliation between the results of the present analysis and the more dominant role of pollution suggested by shortterm studies of individual fog episodes.
